used to quantify carotid plaques as a fast, inexpensive, and tolerable modality. [6] Shear-wave elastography (SWE) is a relatively new application of USG and is used to assess the tissue elasticity. This, in turn, helps to differentiate diseased from normal tissue. Real-time SWE uses acoustic wave force for shear-wave propagation in tissues and enables the measurement of plaque stiffness by quantification of Young's modulus. [7] Although SWE has been used widely in various types of tissue, including the breast, liver, etc.; very few studies have considered its vascular applications. In order to validate and optimize the use of SWE in the clinical vascular setting, a considerable effort is required. [8] The present study was conducted with the aim of measuring carotid plaque stiffness using SWE and to discuss how stiffness measurements could be linked with plaque vulnerability to provide diagnostic information for stroke prediction and management.
subjEcts anD mEthoDs
The study was an observational, prospective pilot study conducted over 2 years, from November 2016 to 2018. The study population included patients with stroke referred to the Department of Radiodiagnosis and other nonstroke patients with plaques found by screening in geriatric, cardiac, neurology, and oncology wards, fulfilling the inclusion and exclusion criteria. The study population comprised 60 patients with atherosclerotic plaques. These were divided into two groups. The first group (Group A) consisted of patients with atherosclerotic plaques with stroke, whereas the second group (Group B) patients with atherosclerotic plaques without stroke. Each of the groups contained 30 patients. Patients were included in the study if they met the following criteria: age group between 40 and 80 years, atherosclerotic plaque involvement was of the common carotid and/or internal carotid and/or external carotid artery/arteries, plaques had to be >1 cm in length and homogeneous on USG (hyper or hypoechoic). Exclusion criteria were patients with age <40 years and >80 years, plaques of length <1 cm, heterogeneous plaques, and critically ill patients requiring continuous monitoring or uncooperative patients.
The study was performed on a USG/Doppler machine Siemens Acuson S3000 and high-frequency linear array ultrasound probe 9L4. Patients were examined in the lying position, with the necks relaxed and turned away by 45° from the side being examined. SWE of the carotid artery plaques were measured at the proximal shoulder, peak middle site, and distal shoulder of the plaque [ Figure 1 ].
rEsults
The mean age in Groups A and B was 67.16 and 59.33 years, respectively. Both groups had the maximum number of patients belonging to the seventh decade of life. There was a significant difference in both groups with respect to age (P = 0.03). The study population comprised 52 males (86.67%) and 8 females (13.33%) with no significant difference between the two groups in this regard (P = 0.78). Table 1 shows the distribution of anthropometric data in patients in both groups. No statistically significant difference between both groups with respect to weight, height, and body mass index was found on analysis with the Chi-square test (P > 0.05). Figure 2 shows the distribution of comorbidities distribution in both groups. Hypertension was present in 11 (36.67%) in the group of patients who had a stroke, whereas six (20%) patients were hypertensive in the group without stroke. There was no statistically significant difference between both groups with respect to comorbidities such as hypertension, diabetes mellitus, and dyslipidemia (P > 0.05). Table 2 shows the distribution of substance use in the two groups. The Chi-square test showed no statistically significant difference between both groups with respect to substance use such as smoking, tobacco use, and alcohol (P > 0.05). Table 3 shows the distribution of atherosclerotic plaques and their morphology. The internal carotid artery (ICA) was involved in 24 (80%) in the group of patients who had a stroke (Group A) and 13 (43.33%) patients in the group which did not have a stroke (Group B), respectively. The Chi-square test showed a statistically significant difference between both groups with respect to internal carotid involvement (P < 0.05).
On the right side, the mean length of the plaque was 1.68 mm and 1.26 mm and the mean width of the plaque was 0.31 mm and 0.21 mm in Groups A and B, respectively. The length and width of the plaque were more in the group of patients who had a stroke versus the group that did not have a stroke with a statistically significant difference (P < 0.05). On the left side, the mean length of the plaque was 1.29 mm and 1.16 mm, and the mean width of the plaque was 0.22 mm and 0.21 mm in Groups A and B, respectively. The length of the plaque was more in the group of patients who had a stroke versus the group that did not have a stroke with a statistically significant difference (P < 0.05). Plaque dimensions in the group of patients that had suffered a Figure 1 : Measurement of carotid plaque for shear-wave elastography at proximal shoulder, mid peak, and distal shoulder stroke (Group A) and with bilateral plaques were as follows: mean plaque length was 1.82 mm and 1.21 mm on the left and right sides, respectively, mean plaque width was 0.22 mm and 0.22 mm on the left and right sides, respectively. The length of the plaque was more on the right side as compared to the left side with a statistically significant difference (P < 0.05). In the same group, the mean dimensions of the plaque on the stroke versus nonstroke side were as follows: the mean length was 1.60 mm and 1.42 mm on the stroke and nonstroke side, respectively, the mean plaque width was 0.23 mm and 0.22 mm on the stroke and nonstroke side, respectively, the mean plaque length was more on the side of the stroke as compared to the nonstroke side with a statistical significant difference (P < 0.05).
The mean stiffness values (kpa) on the right side in the two groups were as follows: proximal stiffness was 32.27 and 42.86 kpa, mid stiffness of the plaque was 32.92 and 45.77 kpa, and distal stiffness of the plaque was 26.57 and 38.15 kpa in Groups A and B, respectively. The proximal, mid, and distal stiffness values of the plaque were more in the group of patients who did not have a stroke (Group B) as compared to the group of patients who had a stroke (Group A) with a statistically significant difference when analyzed using the Chi-square test (P < 0.05) [ Figure 3 ]. Mean plaque stiffness in Group A patients with bilateral plaques showed a proximal stiffness of 26 and 37.87 kpa on stroke and nonstroke side, respectively. Mid plaque stiffness was 24.05 and 42.67 kpa and the distal stiffness of the plaque was 24.01 and 43.97 kpa on stroke and nonstroke sides, respectively. The proximal, mid, and distal stiffness values of the plaque were less on the side on which the stroke had occurred as compared to the nonstroke side with a statistically significant difference (P < 0.05).
Discussion
SWE is a relatively new application of USG and is used to assess the tissue elasticity. Information with respect to tissue elasticity and stiffness yielded by examination using this technique can be utilized in various pathologies to aid diagnoses as well as guide therapeutic decision-making in different patients. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The present study showed homogeneity between both groups with respect to comorbidities such as hypertension, diabetes mellitus, and dyslipidemia, substance use, or anthropometric data.
The concept of the "vulnerable plaque" has always been of interest to researchers in order to try and predict which plaque would cause problems of clinical consequence. [20] [21] [22] [23] [24] [25] The present study showed ICA involvement by atherosclerotic plaque in 24 (80%) and 13 (43.33%) patients in Groups A and B, respectively, showing a significantly higher ICA involvement by atherosclerotic plaque in stroke patients. The results of the study also show that the length and width of the plaque burden were more in Group A patients on both sides with a statistically significant difference. This probably signifies that the more the plaque burden more is the risk of stroke.
Findings of plaque stiffness in the present study corroborate well with the findings of the study by Li et al. who assessed the stiffness of arteries in patients with acute ischemic stroke (AIS) with SWE and compared it to the control group, which showed that the patients with AIS had markedly higher intima-media thickness and pulse-wave velocity values (P < 0.05). [4] The elasticity modulus, MEmean, MEmax, and MESD were also greater in the AIS group (P < 0.05), which reveals markedly hardened and nonuniform arterial wall in the AIS group. [4] This again supports the fact that softer the plaques more are the chances of rupture, thereby leading to an ischemic stroke.
The proximal, mid, and distal stiffness values of the plaque were more on the left side as compared to the right side with a statistically significant difference (P < 0.05). This difference is likely due to the differences in hemodynamic stress suffered by both sides.
The present study shows that the statistically significant difference in the SWE characteristics of the carotid artery plaques in the stroke versus nonstroke group probably means that softer plaques are more vulnerable to embolize and thus lead to stroke. This would help treating physicians decide as to which patients should be candidates for aggressive medical management and also help select candidates for preemptive intervention to prevent the occurrence of ischemic events. Further, this modality could possibly be also used in future to assess the success of medical management by assessing temporal changes in plaque stiffness following optimization of medical management and control of risk factors.
The present study had several limitations. The study evaluated only homogeneous plaques, which is not always the case in the clinical scenario. This was done, as this was an initial pilot, observational study and due to the fact that there exist no normograms with regard to SWE plaque stiffness in the carotid arteries in the Indian population. Further, the sampling size to acquire SWE values within the region of interest, vary among various device manufacturers. This needs to be standardized for more consistent and reproducible results across various studies. In conclusion, SWE is a promising tool to evaluate the "stiffness" of plaques and can help guide management strategy in the management of stroke.
conclusion
In conclusion, SWE is a promising tool to evaluate the "stiffness" of plaques and can help guide management strategy in the management of stroke. The modality possibly has potential in prognostication, by assessing temporal changes in plaque stiffness following optimization of medical management and control of risk factors.
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